Introduction
Environmental pollution is one of the most important problems in Nigeria today. In oil producing areas such as Ondo State, contamination from oil spills has become a serious issue. The mutagenic, carcinogenic and growth inhibiting properties of petroleum have been known since the 70's [1] [2] [3] . Hydrocarbons can enter the aquatic environment from a number of sources. Although the majority of hydrocarbons in Ondo coastal water are anthropogenic, some natural sources exist [4] . Higher plants are capable of synthesizing hydrocarbons [5] [6] [7] which could find their way into the aquatic environment. However, these sources are minor and unlikely to result in significant contamination. Unlike other chemicals, hydrocarbon contamination results almost entirely from misadventure. Total petroleum hydrocarbon (TPH) refers to the measurable amount of petroleum hydrocarbon in the matrix (water or sediment). Determination of the contribution from petroleum and biogenic sources is possible only on a relative basis [8] . Aromatics are common at petroleum release sites with some, especially monoaromatics, having significant water solubility and environmental mobility. Polycyclic aromatic hydrocarbons (PAHs) can be persistent potential carcinogens [10] , particularly in sediment and solid matrices [9] . Weathering further complicates the problems associated with profiling hydrocarbons at contaminated sites. Thus, analysis of TPH from oil spill into water and sediment is a serious challenge to the chemist. Sampling, storage, extraction, clean-up, separation and identification / quantitation require careful attention. This paper reports on the determination of TPH in water and sediment samples during the dry and wet seasons of 2006. No IR data have been reported on TPH from the area.
Experimental Procedures

Study Area
Ondo State occupies a total land area of 14 793 189 square kilometers. It lies entirely in the tropics between longitudes 4 0 30" and 6 0 14" east, and latitudes 5 0 45" and 8 0 15" north. It is bounded to the south by the Atlantic Ocean. The research focuses upon the southern coastal area (Fig. 1) ) respectively. The two seasons were positively correlated (α = 0.01) by both methods. The TPH level was well correlated with the sediment organic carbon (OC) during both seasons. The characteristic carbonyl (C=O) vibrations at 1650 cm -1 and 1700 cm -1 indicate oxidation of the oil residue. The study recommends further investigation into the type of organics present to evaluate their toxicity and appropriate remediation.
source of seafood to the state and to a great extent, the nation. It is an area where dramatic and damaging oil spillage occurs by Chevron and Shell petroleum companies. 
Chemicals and Apparatus
All chemicals were of analytical reagent grade. Dichloromethane (DCM), hexane and tetrachloromethane (TCM) were all doubly distilled in all-glass apparatus while the alumina, silica gel, sodium chloride and sodium sulphate were Soxhlet extracted with n-hexane for 8 hours each. All glassware used was thoroughly cleaned with hot detergent, rinsed with distilled water then methanol, and dried at 120 0 C for about 6 hours.
Sampling and Preservation
Five sites were examined ( About 0.5 g of < 63 µm sediment acidified to pH < 2 was Soxhlet extracted for about 4 hours with 100 mL TCM (CAUTION: carcinogenic) or 100 mL DCM for the IR and gravimetric determinations respectively. After cooling, 20 mL of 0.7 M KOH was added and the extraction continued for 2 hours to completely saponify the lipids. The extracts were purified and dried by passage through a column of Na 2 SO 4 and preconditioned silica gel 60 (5% w/w water) to remove polar organic compounds. For IR analysis, the extract was diluted with 5 mL of TCM. Petroleum hydrocarbon levels in the final solution were determined using an M500 scanning infrared spectrophotometer (Bulk Scientific Inc. Norwalk CT USA) from 4000 -600 cm -1 . The % transmittance at 2900 cm -1 , 2928 cm -1 and 2900 cm -1 for the -CH 3, -CH 2 and -CH, peaks were compared with a calibration curve made using a 15:15:10 mixture of iso-octane, n-hexadecane and benzene [9, 12] . It gave absorptivity (K) of 1.00 × 10 -2 ppm -1 cm -1 , in good agreement with most synthetic oils. Samples were measured at 2930 cm -1 . For the gravimetric determination, the non-saponifiable Soxhlet extract containing the petroleum hydrocarbons was partitioned with three 25 mL aliquots of n-hexane in a glass separatory funnel. The volume was reduced on a 30 0 C water bath. Final evaporation was carried out under nitrogen in the fume cupboard. Total
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extractable organic matter (TOE) was determined by evaporating a known amount of the extract (0.1 mL) and weighing the residue. A Pasteur pipette fitted with a solvent-washed glass wool plug was filled to about 5 cm with 0.5 g deactivated silica gel (5% w/w water) plus 1.15 g deactivated neutral aluminium oxide (5% w/w water). The columnwas rinsed 3 times with 2 mL DCM, and the sample extract added to the top. Elutions into aliphatic fractions and aromatic were performed with hexane and DCM. The eluates were evaporated to dryness and weighed. Preliminary recovery and precision experiments gave an average % recovery of 87.9 ± 0.8 and precision of 4.60 ± 0.12 mg kg -1 .
Extraction of Water for Analysis
About 750 mL of water sample saturated with NaCl in a 2 L separatory funnel was extracted by vigorous shaking with three 15 mL portions of TCM (for IR) or about 20 mL of DCM (for gravimetry). The TCM or DCM extracts were pooled separately and treated as for sediment. Hydrocarbon levels in water and sediment (gravimetric method) are in Tables 2 and 3 were 0.11 -2.55 (1.44 ± 1.11, CV 77%) and 0.07 -1.01 (0.17 ± 0.05, CV 29%) respectively. The effect of water depth on sediment hydrocarbons is substantial. From the IR data, the concentration of oil increased sharply from 38.5 µg g -1 sediment at S 3 to 100.5 mg kg -1 sediment at S 4 with a 16 -13 meter decrease in water depth. This is followed by a gradual increase in the amount of oil to 135.0 mg kg -1 sediment at S 5 at a depth of 12 meters. TPH decreases with increasing water depth ( Table 4 , r = -0.889) because shallow waters are often laden with suspended solids, providing favourable conditions for sedimentation [13] . For both gravimetric and IR methods TPH in water displayed a positive correlation with depth (r = 0.856 and 0.953 respectively). However, gravimetric TPH determinations in sediment show strong negative correlation with water depth (r = -0.903) while for IR determinations the correlation is positive (r = 0.902) ( Table 4) . The data in Table 3 show appreciable total organic extract across the sampling locations, including the reference point. The unusually high values obtained at S 1 , S 5 and S 6 are because the sites are close to populated settlements. The sediment serves as a reservoir for waste runoff. However, oil spillage remains the only significant hydrocarbon source at these locations. The relatively low level of TOE at the control site compared to the area studied may indicate less anthropogenic input.
Results and discusssion
Much of the data variation can be attributed to temporal differences in petroleum input combined with variation in sediment type and deposition history. Since the inputs are added to the water column before being collected by sediment, sedimentation patterns also strongly influence the distribution. The interplay of input and sedimentation patterns can be seen in numerous well -studied coastal systems [14, 15, 16] . Levels of hydrocarbon beyond those at the reference location indicate oil spillage. There is positive correlation (α = 0.01, r = 0.967) in TPH between the two seasons by both methods. However, analysis of variance (ANOVA) indicates no significant mean difference (P = 0.414) between the two seasons, although the wet season sediment IR concentration was generally higher than the dry season except at S 1 . This is particularly significant because it reaffirms the continual contamination of the entire ecosystem with oil residues. Conditions within the river bed are not too favourable for hydrocarbon biodegradation, leading to long residence times in the sediment. Their weathering is accompanied by a change in composition and differential tranfer to water and biota. Infrared revealed significant differences at 1375 -800 cm -1 , and carbonyl (C═O) bands at 1650 cm -1 and 1700 cm -1 indicate progressive oxidation. Infrared reports on sediment TPH in the study area are unavailable. Because chemical identification cannot be derived from TPH methods, further studies to determine the type of hydrocarbon present are required. Because hydrophobic compounds accumulate, sediments are a 'sink'; depending on the decomposition rate their concentration may be high [17, 18, 19] . The aromatic fraction is mostly polycyclic aromatic hydrocarbons (PAHs) because they strongly adsorb on solid particles from aqueous matrices [20] . PAH such as carbazole and phenanthrene have been shown to be mutagenic and carcinogenic in laboratory studies [3, 11] . PAHs may be very devastating to the Ondo coastal environment and benthic populations, as sediment TPH concentrations are comparable to other severely impacted sites [10, 11] . Hydrocarbon adsorption was positively correlated with the sediment organic carbon (OC) in both seasons (Fig 4A and B) , suggesting that that the oil residues consist mainly of heavier fractions which tend to sink and become sedimented. The generally high TPH levels compared to the reference location no doubt indicate anthropogenic input. The major source is spillage from oil activities in the Atlantic Ocean (very close to sites S 4 and S 5 ). The distribution of TPH along the river course shows decreasing concentration up stream to site S 1, following the hydrological dynamics as well as proximity to the discharge. The prevailing wave, turbulence and wind conditions of the Atlantic Ocean enhance oil dispersion into the settlements along the river. This is reflected in the hydrocarbon levels at S 4 and S 5 ; sites bordering the Atlantic through which oil enters the ecosystem. Thus, the ecological impact is expected to be higher at these locations. Hydrocarbons carried upstream during flood tides take several days to get flushed out of the river system. They will undergo evaporation, dispersion, emulsification, dissolution, oxidation, sedimentation and biodegradation facilitating their deposition in upstream sediment. Oil can shade phytoplankton and inhibit growth. Non-volatile water soluble aromatic fractions may persist with attendant severe effects on aquatic biota [21, 22] . With the recent commencement of oil exploration in some parts of the study area, hydrocarbon pollution may be inevitable in the immediate future unless proper steps are taken. The long term impact of oil residues on the Ondo coastal area is not known. An eleven year study of the 1989 Exxon Valdez oil spill revealed that though the contaminants were rapidly eliminated by weathering [23] , at a few heavily polluted locations sediments remained toxic ten years after the spillage [24] . Hydrocarbons may remain buried in sediment for up to 30 years without major alteration in concentration [25] . Aromatic hydrocarbon levels were much lower than their aliphatic counterparts. This is quite in agreement with sediment and water petroleum hydrocarbons in Nigeria [26, 27] . Additionally, it is not unexpected because for an average crude, the paraffinic portion is usually greater than the aromatic [28] [27] , indicating hydrocarbon accumulation. Their increased level, especially at locations where oil installations were not located such as S 1 , S 2 and S 3 implicate human settlements as one of the main sources of hydrocarbon pollution. Possible sources outside of oil spillage include disposal of crank case oil and lubricants, accidental and intentional discharge of fuel oils, and sewage. This is in line with other studies [14, 17] . Making measurements at 2930 cm -1 or at the absorbance maximum nearest 2930 cm -1 can make a significant difference in the TPH concentration reported. With the calibration curve used, the data represents both aliphatic and aromatic sediment hydrocarbons. However, the increased sediment TPH determined by IR may be an artifact of the method. Despite the excellent clean-up procedure, infrared generally detects many organics, including fatty acids which are a very large component of non-petroleum organics.
Conclusion
Oil spill has occurred several times along the Ondo coast from oil exploration and exploitation. The high levels of hydrocarbon found reaffirms anthropogenic input of oil into the environment. The hydrocarbons in the sediment were associated with heavier petroleum fractions which are easily adsorbed. The oil level in water is believed to have a direct negative impact not only on the aquatic biota but also on other activities such as swimming, fishing, boating, and irrigation. The petroleum hydrocarbons are partially degraded, with the residue accumulating in the sediment. If their impact on the indigenous biological communities is to be assessed it is important to know what type of hydrocarbons are entering the water and deposited in the sediment. A better understanding of the coastal ecology is essential to evaluate the significance of oil spills.
